ABSTRACT Plastid differentiation, acyl lipid, and fatty acid composition have been followed in successive 2-cm sections from the base (youngest tissue) to the tip (oldest tissue) of green Zea mays (maize) leaves grown under a normal diurnal light regime. Although the youngest cells (0-4 cm from the leaf base) had only proplastids with one or two grana, they contained chlorophylls a and b, monogalactosyldiglyceride, digalactosyldiglyceride, sulfolipid, phosphatidylcholine, phosphatidylethanolamine, and phosphatidylglycerol. In the more mature sections, the plastids increased in size 5-fold, and differentiation into mesophyll and bundle-shealth chloroplasts had occurred. Concomitantly, the levels of all the lipids increased with the exception of phosphatidylcholine and phosphatidylethanolamine which decreased. With increasing cell maturity, the percentage of linolenic acid increased in all the individual acyl lipids, but palmitic acid remained constant in phosphatidylcholine, phosphatidylethanolamine, and sulfolipid. The A"-hexadecenoic acid was only detectable in the phosphatidylglycerol of the most mature maize tissue.
The differentiation of chloroplast membranes has been investigated most frequently using etiolated tissue which is subsequently exposed to light. Such systems have been used with higher plants to study the changes in lipid composition and lipid biosynthesis which take place in the plant during plastid development (1, 2, 17-19, 
review of ref. 12).
However, proplastids in leaves grown under diurnal light regimes differ markedly in structure from the etioplasts of dark-grown leaves. The ultrastructural patterns of development of these two types of plastid are certainly not identical (11) . Further, in etiolated monocotyledonous leaves, it appears that cellular differentiation is continuing, even though the etioplasts do not differentiate into chloroplasts. Proplastid development in green leaves has not been widely studied (16) and represents an interesting and more natural system in which to study the biochemistry of membrane biogenesis in relation to chloroplast structure.
For this investigation, a monocotyledon was 7 days later. The coleoptile and first leaf were removed, and the remaining one or two leaves were cut transversely into five sections (Fig. 1) . The lower four sections were each 2 cm wide, and the fifth section (between 5-10 cm long) was the remainder of the leaf. Chlorophyll in the leaf sections was determined in 80% acetone according to Arnon (3) . Fresh weights and dry weights of leaf material were determined using conventional techniques.
For electron microscopy, a thin (1 mm) leaf slice from the middle of each of the sections A to E was cut up in a drop of 2.5% glutaraldehyde in potassium-phosphate buffer, pH 7.0, transferred to a vial, and left for 1 hr at room temperature. The glutaraldehyde was pipetted off, and the leaf sections were postfixed for 1 hr in 1 % osmium tetroxide in the same buffer. Dehydration and embedding in Spurr's resin was as described elsewhere (13) .
Total lipids were rapidly extracted from the leaf sections by homogenization in a Waring Blendor at 4 C with precooled chloroform-methanol, 2:1 (v/v) which contained 0.005% (w/v) 2,6 di-tertiary butyl p-cresol as antioxidant. Two successive extractions with fresh solvent were necessary to remove all lipid material. Lipid extracts were taken almost to dryness in a rotary evaporator below 40 C. Extracts were redissolved in chloroform-methanol, 2:1 (v/v), filtered through glass-fiber filter paper, and water-soluble contaminants were removed by partition with 0.1 M KCl. The (4) .
For fatty acid analysis of individual acyl lipids, TLC plates were sprayed with 0.05% (w/v) 2', 7'-dichlorofluorescein (in 50% ethanol). Lipids were located by examination of the plate under UV light. Areas of adsorbent containing the appropriate acyl lipid species from three separate plates were pooled, and the fatty acids were methylated directly off the adsorbent with BF3/methyl alcohol (14% w/v, British Drug Houses) by heating for 20 min at 90 C (14) . Methyl esters were extracted into petroleum ether (b.p. 60-30) which was washed with distilled water, dried over anhydrous sodium sulfate, and taken to dryness under a stream of nitrogen. Methyl esters were purified by TLC on Silica Gel H in benzene prior to analysis by gas-liquid chromatography with a Hewlett-Packard 5750 having dual flame ionization detection. Glass columns (2 m X 5 mm outer diameter) contained either 5% polyethylene glycol adipate on Chromosorb G (80-100 mesh) held at 190 C or 6% diethylene glycol succinate on Diatoport S (80-100 mesh) at 170 C. Carrier gas was argon at 50 ml/min. Methyl ester peaks were quantitated using the method of Carroll (6) . (Fig. la) . In most of the plastids, prolamellar bodies, though smaller, are still present. Many grana now have four to six compartments, but some still have only two or three. In this region, dumbbell-shaped plastid profiles are often seen (Fig.  1c) , indicating the presence of dividing plastids. In section C (Fig. 1, d into mesophyll granal chloroplasts and bundle sheath agranal chloroplasts has taken place. The profiles of the two plastid types are similar in size and shape in section C ( Fig. 1 d and  d1) , and both still often contain small prolamellar bodies. In section C, the chloroplast profiles have a mean long diameter of 4 .0 micrometers and a short diameter of about 2.0 micrometers. In sections D and E (Fig. 2, a, al, b , b1) all plastids are larger than in section C, but the agranal plastids are more elongated and tapering at the ends with only tiny granal remnants. In section E (Fig. 2, b and b,) , the chloroplast profiles have mean diameters of 7.0 and 1.5 micrometers.
As the mesophyll plastids develop in size, so does the complexity of their granal structure and the number of thylakoids per granum. The average number of thylakoids per granum in 100 profiles of plastids in electron micrographs from leaf sections A to E are given in Table I with tissue development, the increase being particularly marked in section E. In contrast, both PC and PE show a fall in concentration by a factor of three from section A to section E. Changes in the fatty acid composition of individual acyl lipid species are shown in Table IV . The major change is associated with linolenic acid (18:3), the proportion of this fatty acid increasing in all acyl lipids as tissue development proceeds.
The increase is much more pronounced in the glycolipids, especially MGDG and DGDG and for PG. In parallel, there is a decrease in the proportion of linoleic acid (18:2) in all the acyl lipids from section A to section E. The proportion of palmitic acid (16:0) remains fairly constant in PC, PE, and the sulfolipid throughout tissue maturation, while a decrease in the 16:0 content of the major glycolipids and PG was observed (Table IV) . Significant levels of a trans A3" hexadecenoic acid were only associated with PG and then only with the PG isolated from the most mature maize leaf tissue in section E. Plant Physiol. Vol. 52, 1973 (17) in an etiolated barley seedling system allowed to green for up to 48 hr were considerably smaller than the changes reported in the present study. Both the nongreen (etiolated) tissue and the young light-grown leaf tissue (present study) already contain galactolipids and PG, and a large proportion of the increase in the concentration of these components is most likely a reflection of membrane proliferation associated with the plastids. The ratio of MGDG to DGDG increased from 1:1 in section A tissue to 2: 1 in section E in the maize leaves examined in this work. This 2:1 ratio in the most mature tissue is in general agreement with values reported for chloroplasts isolated from mature green leaf tissue (12, 16, 19) . Mesophyll and broken bundle sheath chloroplasts isolated from mature maize leaf tissue have both been reported to have MGDG:DGDG ratios of about 2: 1 (5). In the immature section A tissue where plastids lack grana, the 1:1 ratio probably reflects the distribution of these lipids in the plastid envelope. Phosphatidyl choline is the single most abundant phospholipid detected in the developing maize tissue. The distinct fall in the levels of PC and PE per g dry weight as the leaf cells mature is of particular interest. On a per section basis, the levels of both these acyl lipids remain more or less constant throughout development, despite the rapid increase in chloroplast size during this period. Devor and Mudd (7, 8) have found that the major site of PC synthesis is associated with the microsomal fraction, and both PC and PE are very likely to be components of all other membrane fractions in the maize leaf cells in addition to the plastids. The steady decline in the levels of these two phospholipids during the time of most rapid plastid membrane proliferation suggests that PC and PE do not play a vital structural role in chloroplasts.
In the etiolated pea system, a decrease in the content of PC and PE was detected on greening (18) , in agreement with the present findings. In contrast, however, Tevini (17) has reported a 2-fold increase in PC and a small, but significant, increase in PE (per g fresh weight) on illumination of etiolated barley leaves. It is probable that the cellular pools of these phospholipids have already been synthesized in the young proplastidcontaining cells (section A, present report), since the levels of PC and PE found in the present study in immature tissue are already considerably higher than those detected after 48-hr illumination in the etiolated barley system (17) . The increase in the concentration of the sulfolipid with tissue maturation in the maize system investigated here contrasts with no increase detectable in the etiolated barley system (17) .
The fatty acid composition of all the acyl lipids examined changed markedly during maturation of the maize leaf tissue. Such clearly defined changes in fatty acids have not been reported from experiments with etiolated greening material. The large increase in linolenic acid, previously detected in the total lipid analyses (13) , are accounted for by the increase in the percentage of this fatty acid in all the acyl lipids examined. The changes are most marked in MGDG, DGDG, PG, and SL, i.e. those lipids which are associated with chloroplast development. MGDG and DGDG were rich in linolenic acid even in the most immature tissue (section A). Linolenic acid is also found in etiolated maize leaves (13) in both major glycolipids, indicating that light is not an absolute requirement for the synthesis of this fatty acid. No increase in 18:3 content has been detected in PC and PE isolated from etiolated pea seedlings on greening (18) , in contrast to the present observations.
The percentage of palmitate in SL, PC, and PE remains very constant from section A to section E of the maize leaf. Palmitate accounts for a far larger proportion of the total fatty acids of PC and PE from maize sections than is found in PC isolated from spinach chloroplasts (8) , indicating either a marked species difference or the presence of relatively large levels of nonplastid PC in the maize leaf cells. The latter interpretation is probably more likely, since Devor and Mudd (8) have reported that the fatty acid composition of PC from chloroplasts and microsomes isolated from spinach leaves is different, microsomal PC being richer in 16:0 but lower in 18:3.
Significant levels of the A"s hexadecenoic acid are detected only in PG, in agreement with other reports (15 
